These results show a preferential dependence of faceof amblyopes have described abnormal functional acrelated regions on normal visual experience. Furthertivations in early retinotopic areas. Here we report the more, they highlight the highly differentiated nature of surprising finding of a selective object-related abnorcortical processes associated with different objectmality in high-order occipitotemporal cortex. Specifirelated areas. cally, we found that face-related cortical areas show a severe disconnection from the amblyopic eye, while Results building-related regions remain essentially normal. The selectivity of the deficit highlights the differential To explore the impact of amblyopia on high-order visual computations performed in the different objectareas, we compared the fMRI activations for images of related areas and is compatible with the suggested faces and buildings, presented separately to the sound association of face regions with analysis of fine detail.
regions of interest in the mid-central and peripheral visual field representations were externally defined using 3; right, x, y, z: 34 Ϯ 6, Ϫ52 Ϯ 4, Ϫ12 Ϯ 3; IOG: left, x, a separate experiment in which small and large object y, z: Ϫ42 Ϯ 3, Ϫ69 Ϯ 5, Ϫ6 Ϯ 4; right, x, y, z: 41 Ϯ 4, images were compared (see Experimental Procedures).
Ϫ67 Ϯ 3, Ϫ6 Ϯ 3). The building-related collateral sulcus
The boundaries of early retinotopic cortex were delineas well as dorsal transverse-occipital sulcus (CoS: left, ated using meridian mapping through the sound eye (see x, y, z: Ϫ27 Ϯ 1, Ϫ40 Ϯ 6, Ϫ9 Ϯ 3; right, x, y, z: 25 Ϯ Experimental Procedures). In contrast to the findings in 3, Ϫ40 Ϯ 6, Ϫ8 Ϯ 2; TOS; left, x, y, z: Ϫ34 Ϯ 4, Ϫ75 Ϯ high-order visual areas, the results in early visual cortex 2, 13 Ϯ 2; right, x, y, z: 34 Ϯ 4, Ϫ73 Ϯ 5, 12 Ϯ 3) revealed that the activation degradation for the amblydid not manifest any enhanced activation for sound-eye opic eye was milder and did not show the face-selective stimulation (open arrows, Figure 2C ). The phenomenon deprivation effect. Thus, in the peripheral region of interwas quite consistent. Of 14 amblyopic patients studied est, activation by the sound eye for faces and houses in the two experimental versions (analysis was done was 0.59% Ϯ 0.09% and 0.6% Ϯ 0.1%, respectively, independently for each subject, see Data Analysis), ten while for the amblyopic eye, activation was reduced to showed drastically reduced activity in the face-related 0.48% Ϯ 0.06% for faces and 0.48% Ϯ 0.08% for IOG and pFs but not in the building-related CoS (see a houses. For the mid-central ROI, the activation for the representative subject in Figure 3) . No significant differsound eye was 0.84% Ϯ 0.16% for faces and 0.84% Ϯ ence was observed between the two experimental ver-0.17% for houses, with the amblyopic eye activation sions.
showing a reduction for faces to 0.67% Ϯ 0.17% and To obtain a more quantitative estimate of the effect, houses to 0.58% Ϯ 0.09%, this difference was not statiswe analyzed the percent signal change in the face-and tically significant (one-tailed paired t test, p ϭ 0.18).
building-related regions of interest (open and filled
Could the amblyopic deficit in high-order occipitotemporal cortex be explained by a simple deficit in lowarrows in Figure 2A) . The results are shown in Figure other developmental abnormalities (such as an early Thus, amblyopia produces a striking deficit, which for abnormality of peripheral vision) may affect the buildingthe stimuli used in the present study was particularly related collateral sulcus regions in a similar fashion. accentuated in human occipitotemporal cortex. The defThe fact that essentially normal visual inputs remained icit was not uniform but rather showed a consistent in high-order building-related regions also has important preferential impact on face-related compared to buildand interesting implications. First, the presence of these ing-related cortical regions. normal inputs argues against the notion that amblyopia The amblyopic deficit is likely to result from a highinvolves a global functional disconnection of the entire level focus, but the present results cannot completely thalamocortical pathway. This conclusion against a lowrule out the possibility of some disruption of signals level source for the amblyopic deficit is supported also from earlier areas. The fact that the activation pattern in early cortex revealed a milder and far less objectby the control experiments using blurred images both facial expressions compared to face identity, which may Experimental Design separately. Subjects were presented with the same images as in Activation maps to faces or buildings were obtained for the sound version II except that blanks were extended to 1500 ms to allow and amblyopic eye separately, using red-green glasses for monocuresponse time. Subjects were requested to recognize the smiling/ lar stimulation. sad/neutral facial expression or private/public house category (32 Version I: Thirteen Amblyopic, Two of Them Anisometropic images of each type) and name the famous persons or buildings (a Subjects viewed the colored (red and green) line drawings of faces subset of 16 images of each type). Percentage of correct naming or buildings (32 images each, 7Њ ϫ 7Њ visual angle), which were for amblyopic eye relative to the correct naming for sound eye presented at 1 Hz (500 ms on and 500 ms blank) in pseudorandom (measurements in each task were performed proportionally to the ordered 9 s blocks alternated with 6 s blanks. One or two pictures number of pictures) was used for the performance estimation. were repeated in each block, and subjects were required to perform a one-back memory task. Calculation of significance values in the activation maps was experiments in which the subjects (n ϭ 11) viewed common objects based on the individual voxel significance and on the minimum of different size (small, 1.5Њ; mid, 3.5Њ; large, 15Њ). By contrasting cluster size of ten voxels (Forman et al., 1995) . The probability of a the activation patterns produced by the large versus small images false positive was determined from the frequency count of cluster presented to the sound eye, a fairly consistent ROI could be defined sizes within the entire cortical surface, using a Monte Carlo simulain early retinotopic cortex across subjects. tion (AlphaSim by B. Douglas Ward, a software module in Cox, 1996).
Data Analysis

Control Experiment 1
Statistical level ranged from p Ͻ 0.05 (the darker colors) up to Six control subjects with normal or corrected-to-normal vision were at least p Ͻ 0.001 (the brighter colors) and was indicated by the tested. Stimuli in this experiment were either identical to the face color scales. and house images used for the amblyopic subjects (version I) or a blurred version of the same images in which the level of contrast Acknowledgments sensitivity deficit of the amblyopic condition was simulated. To obtain a quantitative estimate of the contrast sensitivity loss, we measured the contrast sensitivity of amblyopic subjects (n ϭ 5; Table  The authors References were shown to one eye of normal subjects to mimic the amblyopic condition, whereas the other eye was stimulated by the original, Aguirre, G., Zarahn, E., and D'Esposito, M. (1998). An area within nonblurred, images. Again, these blurred images were alternated human ventral cortex sensitive to "building" stimuli: evidence and between left and right eyes of the control subjects.
implications. Neuron 21, 373-383.
Control Experiment 2
Four amblyopic subjects were tested (one of them took part in the Algaze, A., Roberts, C., Leguire, L., Schmalbrock, P., and Rogers, previous studies) ( Table 1) DeYoe, E., Carman, G., Bandettini, P., Glickman, S., Wieser, J., Cox,
